Changes in storm hydrographs after road building, clear-cutting, and burning were determined for six small watersheds in the Oregon Coast Range. Peak flows were increased significantly after road building, but only when roads occupied at least 12% of the watershed. Roads had no detectable effect on volumes ot storm hydrographs. By reducing transpiration and interception, partial clear-cutting increased peak flow, quick flow, delayed flow, and total storm hydrograph volume of some streams. Most increases were largest in the fall when maximum differences in soil water content existed between cut and uncut watersheds. Maximum increases in storm flow occurred after a 175-acre watershed was 82% clear-cut.
. Deer Creek, Flynn Creek, and Needle Branch were calibrated for 7 yr (1958) (1959) (1960) (1961) (1962) (1963) (1964) (1965) , and the Deer Creek subwatersheds were calibrated for 3 yr (1963) (1964) (1965) Table 1 .
Storm events for the rainy seasons of 1965-1966, 1966-1967, and 1967-19 .68 were used to evaluate hydrograph changes after road building, clear-cutting, and slash burning, by a method of calibration described by Bethlahmy [1963] . With this method, relations are developed between parameters of the hydrographs for the control watershed and each watershed to be treated. Hydrograph parameters evaluated for change included instantaneous peak discharge, time to peak, and quick-, delayed, and total flow volumes for individual runoff event_s.
We [Harper, 1969; Hsieh, 1970] . During the rainy season in western Oregon, storm runoff occurs under conditions of both recharging (fall season) and recharged (winter season) soil moisture conditions. Because the largest effects of road building and clear-cutting on streamflow were expected to occur in the fall, the data for this season were separated from those of the remainder of the rainy season. Two methods of separation were followed. tThe change is significant at the 99% level of probability. There were few storm events suitable for the analysis of effects of roads on peak flow, because roads were isolated from subsequent clear-cutting in only 1 yr. Consequently, results are variable (Tables 2 and 3) , and a significant change in peak discharge was detected only at Deer Creek 3, where roads occupy 12% of total wate?shed area. There, average peak flow increased 5 ft3/s/mi 2 -in both the fall and the winter period. The construction of roads before the fall and winter runoff periods of 1965-1966 was expected to change storm hydrographs, A compacted surface reduces infiltration, and excess water is carried by a more efficient delivery system consisting of the road surface, ditches, and culverts. The cut slope can interrupt downslope movement of subsurface water and convert it to more rapid surface flow. Removal of trees from the right-of-way eliminates transpiration and provides a soil mass that is more moist and responsive to precipitation. This is of greatest importance in the fall when unvegetated soil has a higher moisture content than it did when it supported forest vegetation.
The proportion of a watershed in roads should govern the degree of hydrograph change. Among the four watersheds with roads, only one, Deer Creek 3, showed a significant increase in peak discharge. Roads occupy 12% of this watershed, a percentage above that of larger forested areas clear-cut in patches under normal management practices. In the other watersheds having roads the roads occupy only 3-5% of the watershed area. Changes in peak flows after road building in these watersheds were much smaller, inconsistent, and statistically nonsignificant. Conceivably, these smaller areas in roads were insufficient to exert much influence on storm hydrographs. Undoubtedly, experimental precision also contributed to the inconsistency and statistical nonsignificance of results. The 'least significant difference' method [Snedecor and Cochran, 1968, p. 272] was followed to test the ability to detect changes in peak discharge within the Deer Creek watershed at the 95% level of probability. This analysis showed the experimental precision was 6% at Deer Creek and 10% at Deer Creek 3. Because the increase in peak flow at Deer Creek 3 represents only about 3% of mean peak flow at the Deer Creek weir based on means of calibration and post road building regressions, and increase within the Deer Creek 3 subwatershed easily could have escaped detection at the Deer Creek The intensity of the combined treatments generally, but not consistently, governed the level of change in hydrograph parameters. Changes in fall peak flows were highest on Deer Creek 4 and Needle Branch, the watersheds most extensively clear-cut. Deer Creek 3, which was 65% clear-cut, showed the next greatest change in peak flow, followed by Deer Creek 2 (20% clear-cut) and Deer Creek (26% clear-cut). Increases in winter peak flow followed the same order except that Deer Creek 3 had the second largest change. The high density of roads and its influence on surface runoff most likely caused the large increases in winter peaks at Deer Creek 3.
Deer Creek 4 and Needle Branch had reasonably similar in- Although no systematic survey of soil disturbance was made on any of the study watersheds, soil disturbance from yarding alone probably was insufficient to have caused appreciable surface runoff, because soil disturbance during normal logging operations is light. Dyrness [1967] , for example, found that compacted soil occupied only 9% of an area logged with the high-lead method in western Oregon. Needle Branch did contain logging roads, but comparing changes in peak flow after road building with changes after clear-cutting (Table 3) suggests roads had little influence on peak flow in this water- This explanation of winter increases in peak flow is supported by other analyses of peak flows in western Oregon. Harris [1973] evaluated changes in peak flow at Needle Branch using runoff events exceeding 50 fta/s/mi •' at the control watershed. These peaks averaged 71 fta/s/mF ' over the 1959-1969 period, and all occurred during what we termed the period of recharged soil moisture conditions (winter period) in our study. Harris found no significant increase in peak flow after clear-cutting. Conversely, our study, which included an additional 25 smaller runoff events in the calibration period and 5 in the post clear-cutting period, shows a highly significant increase in peak flows after clear-cutting, although adding these events increased statistical variance. Our peaks averaged 37 fta/s/mF ', about half the size of the average peak used in Harris' analysis. In another study in western Oregon, the average of all peak flows over 10 fta/s/mi •' was increased from 37 to 46 fta/s/mi •' after a 237-acre watershed was completely clear-cut. Clear-cutting had only a minor effect on peak flows over 100 fta/s/mi •' [Rothacher, 1973] , however. Thus with increasing size of storm the differences between cut and uncut areas become less significant, and the two areas respond nearly alike hydrologically.
Generally, increases in quick flow, delayed flow, and total volume of the storm hydrograph were most notable at Needle Branch during the fall. These large increases and the smaller but significant increases during the winter again might be explained by differences in interception and soil moisture storage between cut and uncut watersheds. Of course, Needle Branch contained some roads and was burned severely after logging, and redistribution of hydrograph volumes after logging probably was affected by these factors. The necessary pooling of fall and winter events at Deer Creek 4 prevented evaluation of winter increases in hydrograph volumes on a watershed without roads or slash burning.
Certain increases in streamflow in this Alsea watershed study are comparable to those of previously described studies conducted at Hubbard Brook [Hornbeck, 1973] Generally, attempts are made to design culverts and bridges to withstand at least the 25-yr peak flow in the coast range. If peaks of this size indeed are designed for, culverts and bridges are not likely to be damaged by an increase in storm runoff sum of these differences in storage, differences in storm runoff resulting from clear-cutting alone. Results of this study show will be similar to those observed in the fall. For larger storms, that average winter peak flows can be increased up to 45% by differences between cut and uncut areas become smaller, so clear-cutting, but the winter peaks to which these increases apply correspond to only 25-50 ft3/s/mi 2 at the control watershed (Tables 2 and 3) , well below the estimated 25-yr peak of 157 ft3/s/mi 2. In the previously mentioned analysis of the largest peak flows at Needle Branch [Harris, 1973] Design implications, potential on-site damage, and damage to hydraulic structures resulting from the effects of roads on peak flows are much more serious than the implications and damages of clear-cutting because roads are more permanent than clear-cuttings and because, unlike the situation with clear-cutting, the differences between watersheds with roads and watersheds without roads probably will exist for even large runoff events. We can see the importance of the effects of roads on culvert and bridge design by applying the previously described flood-frequency analysis to streamflow at Deer Creek 3, where roads occupy 12% of total watershed area. We also must assume that similar increases in peak flow observed at Deer Creek 3 (20% increase) would occur on the Flynn Creek watershed if roads comprised 12% of its area and that the relative increases shown in Table 2 Results of this study also suggest that forest roads will not cause downstream flooding. Although peak discharge was increased significantly when roads occupied 12% of a watershed, no consistent changes in total storm flow were noted on this watershed or on any other watersheds containing roads (Tables 4 and 5 Any slight effects of clear-cutting on storm runoff also may be overshadowed by the occurrence of other hydrologic phenomena that may be related indirectly to clear-cutting. Road failures can temporarily dam streams and cause extreme peak flows when the dam of soil, rock, and organic debris finally fails [Fredriksen, 1965] . Such dams also may result from natural failure of slopes or from the accumulation of natural organic debris in stream channels. Both logging debris and natural organic debris may plug culverts and cause them to fail during major runoff events, even though the culverts are adequate to carry the water produced in these runoff events [Rothacher and Glazebrook, 1968] . Thus additional storm runoff resulting from changes in evapotranspiration after clear-cutting becomes unimportant in causing on-site damage when it is compared with other causes of the damage.
